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A die for use in forming (hereinafter as D) includes a large inner 
diameter portion 1, a conic portion 2 having two-stepped taper surfaces 2a 
and 2b, and a small inner diameter portion 3 formed in a continuous 
manner. As shown in Fig. 2, an upper taper surface 2a of the conic portion 
2 connected with the large inner diameter portion 1 is set to have less than 
45° taper angle a in the direction of a centerline of the die D. A lower 
taper surface 2b of the conic portion 2 connected with the small inner 
diameter portion 3 is set to have a taper angle /3 smaller than the above - 
described taper angle a , in the direction of the centerline. The above- 
described taper angle a , which is changed according to thickness and 
drawing rate (reduction ratio of the diameter) of a pipe to be processed, it is 
usually set within the range of 30-45° . Meanwhile, the above-described 
taper angle j3 , which is set approximately 10° smaller than the above- 
described taper angle a , that is, to be less than 35° , is set in accordance 
with the taper angle a . If the taper angle a is more than 45° , the 
small diameter portion of a formed stepped pipe is not drawn to more than 
30mm and collapses take place in the area from the conic portion to the 
large diameter portion when the processed pipe is pushed into the die D. 
If the taper surface of the conic portion is tilted less than 45° constantly, 
the small diameter portion is drawn more than the case above described. 
However, if the small diameter portion is drawn more than 50 mm, 
collapses take place in the area from the conic portion to the large diameter 
portion Compared with this, when the taper angle a is less than 45° 
and the taper angle j3 is set to be less than 35° ,which is approximately 
10° smaller than the taper angle a , the small diameter portion of a 
formed stepped pipe can be drawn to a desired length. 

Moreover, the height H of the above-described conic portion 2, as 
described later, is determined so as that the diameter of the small diameter 
portion of a formed stepped pipe is less than 80% of the diameter of the 
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large diameter portion and the taper angle j3 is approximately 10° 
smaller than the taper angle a and less than 35° . As described above, 
the conic portion 2 is formed on the two-stepped taper surfaces 2a and 2b 
and the taper angles a and j3 of each of the taper surfaces 2a and 2b are 
5 set to be prescribed angles. When a pipe is pushed into the die with 

prescribed pushing force to form two steps, It is reduced centripetally and 
drawn downward at the upper taper surfaces 2a of the conic portion 2. 
Then, the above-described pushing force is sent back to the small inner 
diameter portion 3 and makes a pipe drawn downward at the lower taper 

10 surface 2 of the conic portion. It results in preventing a force to draw a pipe 
downward from decreasing, making plastic metal flow from the lower taper 
surface 2b of the conic portion 2 to the upper taper surface 2a smooth and 
increasing thickness of the stepped portion of pipe smoothly. Consequently, 
collapse of a pipe in the forming process can be prevented and reduction 

15 ratio (drawing ratio) can be increased. Now, a die D and a stepped pipe p 
along with process steps 1,2 n will be detailed. 

As shown in Fig. 3, a raw material pipe po having a prescribed size 
calculated by volume of a processed stepped pipe is pushed into a large 

20 inner diameter portion 1 of the first die Dl (a first reduction process) and 

thereby a first stepped pipe is formed. When the first compression process 
is not enough to form a step, if necessary, the stepped pipe PI formed in the 
previous process is pushed into the second die D2 where the small inner 
diameter 3 is formed to be smaller, and the taper angles a and )3 of the 

25 upper and lower taper surfaces 2a and 2b of the conic portion 2 are set to be 
somewhat larger. Then, a stepped pipe P2 is formed. If necessary, the 
above-described compression process is repeated as the third or the forth 
reduction process, so as to form an n-numbered stepped pipe Pn. 
According to reduction of the small inner diameter portion 3 of the die D for 

30 use in every reduction process, the taper angles a and j3 and the height 
H of the conic portion 2 are set so as to reduce the small inner diameter 
portion 3 of formed stepped pipe . Moreover, in forming a stepped pipe of 
which reduction may be small, the die Dn in the final reduction process has 



little conic portion 2 and a curved surface toward a small inner diameter 3 
in a continuous manner. After the above reduction process, a drawn bar 
21 is pushed into a small inner diameter through-hole 4 of the stepped pipe 
Pn in the die Dn in the final reduction process, and a drawing process is 
carried out to draw the stepped pipe Pn. However, some materials such as 
stainless steel and copper may cause a spring-back phenomenon in which 
finished size of a reduced pipe becomes slightly smaller than size of a die. 
In such case, drawing process is carried out after a die Dn in the final 
reduction process is replaced with a die Dn+1 adjusted to the outside 
diameter of the pipe and the stepped pipe Pn is engaged into a die. 
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